Introduction
Statins are widely used for treatment of dyslipidemia and subsequent prevention of cardiovascular diseases (CVD) among adults [1, 2] . Besides elevated low-density lipoprotein cholesterol, Type 2 diabetes is another major risk factor for CVD [3] [4] [5] . With the growing epidemic of overweight/obesity in the United States [6, 7] , Type 2 diabetes has been on the rise and it is anticipated that 350 million Americans will be diagnosed with Type 2 diabetes by 2030 [8] . This underscores the need primary prevention of Type 2 diabetes and identification of novel risk factors for Type 2 diabetes. Prior randomized trials of statins have suggested that statin therapy might increase the risk of Type 2 diabetes; However, such data have not been consistent across trials. While some randomized trials including the West of Scotland Coronary Prevention Study [9] , the Heart Protection Study 10 , the Anglo-Scandinavian cardiac Outcomes Trial-Lipid Lowering Arm (ASCOT-LLA) [11] , and the LIPID trial [12] , showed no statistically significant increased risk of Type 2 diabetes with statin; JUPITER trial [13] , PROSPER [14] , and NAVIGATOR [15] , reported a modest increased risk of Type 2 diabetes when comparing statin to placebo.
A recent meta-analysis of randomized trials found 11% increased risk of Type 2 diabetes comparing statin to placebo [pooled HR=1.11 (95% confidence interval (CI): 1.1-1.2)] [16, 17] ; there was also evidence of doseresponse of statin on Type 2 diabetes risk. It is possible that treatment with statin might decrease insulin sensitivity as well as insulin secretion in a dosedependent manner. Nonetheless, several questions remained unanswered. Since trial participants may differ from the general population and compliance to statin treatment may be higher in trial participants than among free living individuals in community settings, it is not well established whether observed elevated risk of Type 2 diabetes in clinical trials can be observed in large and long-term prospective studies. Furthermore, it is less clear whether statin treatment induces short-or longterm changes in plasma glucose concentrations in subjects free of Type 2 diabetes. The current project sought to test the hypothesis that statin use is associated with elevated plasma concentration of glucose over time and subsequent elevated risk of Type 2 diabetes among US Veterans. 
Research in Context

Figure-1 Flow Chart
Age at dyslipidemia or first statin use; data presented as mean (SD) or percentage Table 1 provides details).
Assessment of random plasma glucose among veterans
Plasma glucose measurements were obtained using laboratory data from the electronic health record in the VA database. When multiple glucose measurements were available on the same day, we randomly selected one measurement for current analyses. We did not use inpatient plasma glucose values taken on consecutive days to avoid acute and in-hospital treatment effect on glucose.
Assessment of Type 2 diabetes
Type 2 diabetes was defined as the presence of one inpatient ICD-9 code 250.xx or the presence of at least two outpatient ICD-9 codes 250.xx for outpatients in the database or the initiation of either an oral or injectable diabetes mediation based on VA electronic prescription information and VA pharmacy fill information.
Ascertainment of other variables
Relevant covariates including age, gender, race, ethnicity, body mass index, blood pressure at index date,and date of birth were obtained from electronic heath record in the VA database. We also obtained information on comorbidity [cancer (except nonmelanoma skin cancer), chronic kidney disease, liver disease, thyroid disease, and heart disease]; laboratory parameters (lipids); and medications. Data from the Centers for Medicare & Medicaid Services were used to enhance coverage and accuracy of the information abstracted from electronic heath record. Deaths were captured using Vital Status file in the VA Corporate Data Warehouse.
Statistical Analysis
Exploratory assessment of baseline glucose, triglycerides, cholesterol, body mass index, and other covariates was performed using means (standard deviation) for normally distributed variables and ranges, medians, and inter-quartile range for nonGaussian distributed variables. Graphical methods (e.g. histograms and boxplots) were used to visualize distribution of the data. We evaluated the association of statin use with plasma glucose by plotting daily mean glucose (95% confidence intervals) during a period of 60 and 365 days pre-and post-initiation of statin therapy. In secondary analyses, we conducted stratified analyses by sex, triglycerides values (< and ≥ 150 mg/dl), and statin potency (low, medium, and high). To address confounding by indication, we used multi-level propensity score (derived via logistic regression models that included predictors) to determine the probability of receiving no statin or low, medium, or high-potency statin. We then use these probabilities to weight study subjects using inverse probability of treatment weighting in the Cox regression model. 
Results
Baseline characteristics of the 3,390,799 subjects, the mean age was 62±11.9 years [range: 18 to 105]; 93.3% were men, 82.7% were white, 15.1% African American, and 2.2% other race. The prevalence of statin use was 54.1% with predominance of simvastatin (83%), followed by lovastatin (8%) and pravastatin (4%). 
Discussion
In this large prospective cohort of US Veterans, we showed that statin use was associated with a higher risk of Type 2 diabetes and such relation was graded according to statin potency. The positive relation between statin use and incidence of Type 2 diabetes was seen in both men and women and was not modified by race, body mass index or triglycerides.
In our data, we observed a higher risk of Type 2 diabetes among users of statin. This observation is consistent with another observational study that reported a 46% higher risk of Type 2 diabetes (95% CI: 22% to 74%) in 8,749 subjects after an average follow up of 5.9 years [18] . Furthermore, our data are in line with JUPITER trial [19] , where treatment with rosuvastatin increased the risk of Type 2 diabetes by 28% compared to placebo (95% CI: 7% to 54%) among subjects with at least one risk factor for developing diabetes (metabolic syndrome, impaired fasting glucose, obese, or hemoglobin A1C >6%). Of note is that the increased risk of Type 2 diabetes was not observed in JUPITER subjects free of Type 2 diabetes risk factors [19] ,. 21 ]. Of note is that the effect size was consistent with modest elevated risk of Type 2 diabetes and the lack of statistical significance was probably due to limited statistical power. In addition, other smaller studies failed to show elevated risk of Type 2 diabetes with statin use [9, 10, 12, 22] . It is possible that null findings reported in those studies were a consequence of inadequate statistical power. Alternatively, heterogeneity of Type 2 diabetes phenotype and resulting variability in response to statin treatment in those populations could be another explanation. In a cluster analysis, Ahlqvist and colleagues [23,] showed that subjects with Type 2 diabetes characterized by severe insulin resistance and high body mass index had serious diabetic complications than people with Type 2 diabetes caused by autoimmune disorder or other Type 2 diabetes phenotypes characterized by absence of insulin resistance or adiposity. The anti-inflammatory effects of statin could mitigate the risk of developing Type 2 diabetes caused by chronic inflammation as would be the case in adiposity and insulin resistance. For now, we can only speculate on these hypotheses in the absence of welldesigned clinical and epidemiologic studies focused on these hypotheses. Our study showed a graded response between statin potency (dose) and incidence of Type 2 diabetes as reported by others [18] . This suggests that the risk of Type 2 diabetes could be minimized with lower dose of statin, especially in patients at risk of Type 2 diabetes.
In contrast, our secondary analysis did not show any meaningful elevation in random plasma glucose after statin initiation in this cohort of Veterans. Our results are consistent with data from the JUPITER trial [19] , where an intervention with 20 mg/d of rosuvastatin did not increase fasting glucose at 24 months of follow up (median glucose 98 mg/dl) compared to placebo (median glucose 98 mg/dl) in 17,802 healthy adults 4 . Furthermore, in a trial of 146 dyslipidemic patients, a 12-month intervention with 1 mg/d of pitavastatin resulted in a 3 mg/dl reduction in fasting plasma glucose compared to placebo [24] . In contrast, other studies reported elevated glucose concentration after statin initiation.
In a randomized trial of 146 hypercholesterolemia subjects, 5 mg/d of atorvastatin resulted in a 3 mg/dl increase in fasting serum glucose compared to placebo after 12 months (p<0.01) [24] . In addition, atorvastatin intervention increased serum insulin and homeostatic model of insulin resistance compared to placebo [24] . In another trial of 29 people with Type 2 diabetes and dyslipidemia, an intervention with simvastatin (10 mg/d) led to 18% increase in fasting glucose compared with baseline value after 4 months of intervention [25] . The apparent discrepancy between these trials and our observational findings merits some comments. First, we did not have fasting glucose in our study for appropriate comparison with trial data mentioned above. Second, heterogeneity in study populations and Type 2 diabetes phenotype [23] , could partly explained the discrepancy (VA population was mostly male and free of Type 2 diabetes while JUPITER [25] , recruited subjects with elevated C-reactive protein and other trials recruited Type 2 diabetes subjects [3] or older adults with dyslipidemia (mean age 65 years) [24] vs. 60 years in our study. What potential mechanisms might support causal effect of statin on Type 2 diabetes incidence? -Several potential biologic mechanisms have been proposed including inhibition of glucose uptake [26] . Studies have demonstrated that simvastatin can rapidly and reversibly block insulin secretion in single-islet cultures [27] and cell cultures [28] . In another experiment using L6 myotubules, both atorvastatin and simvastatin inhibited insulin-mediated glucose uptake by blocking insulin receptor substrate-1 (IRS-1) phosphorylation [18] . Statin may also inhibit glucose uptake via increase in cellular non-esterified fatty acid concentration; statin treatment has been shown to induce expression of fatty acid synthase and acetyl coA carboxylase 1 [29] and increase in free fatty acids [30] . Treatment of cultured rat cardiomyocytes with atorvastatin led to reduction in glucose uptake and reduction in mRNA and protein expression of glucose transporter type 4 [31, 32] and IRS-1 [32] . Another hypothesis is that statin might heighten the risk of Type 2 diabetes by increasing insulin resistance [33, 34] .
The current study has some limitations including the use of electronic health records to ascertain exposure and outcome. Due to a lack of information on hemoglobin A1C and fasting glucose, we were not able to use the American Diabetes Association definition for incident Type 2 diabetes. The observational design of our study does not preclude unmeasured confounding as alternative explanation of observed results. Although 94% of Veterans were male, we had data on nearly 223,000 women to show a similar relation. Despite above limitations, our study has numerous strengths including a large sample size; availability of data on various statin brands and several racial groups across the entire US; and the robustness of findings in secondary analyses. Given the efficacy of statin in the prevention of cardiovascular disease, the reported modest elevation of Type 2 diabetes risk with statin use does not affect the utility of statins in preventive cardiology. Our findings suggest that in the presence of strong family history of Type 2 diabetes or other risk factors for Type 2 diabetes such as obesity, clinicians might consider low-potency statin supplemented by other drugs (non-statin) or modifiable lifestyle factors for management of dyslipidemia. The availability of PCSK9 drugs may also be considered when subjects being evaluated for statin treatment are at higher risk of developing Type 2 diabetes. In conclusion, our findings show a positive association between statin use and incidence of Type 2 diabetes among US Veterans.
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